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5.  Final  Report 


a.  Problem  Studied 

Thia  reaearch  preaented  several  rather  different  approaches  to  the  study  of 
stereoeleotronic  and  stereochemical  effects  in  the  enzymatic  reactiona  of 
organophoaphorua  compounds.  The  major  emphasis  in  our  study  involved  work  with 
neutral  phosphate  simulants  that  have  little  neurotoxicity.  However,  the  basic 
understanding  that  ve  hoped  to  develop  on  stereoeleotronic  effects  have  important 
ramifications  for  the  mechanism  of  neurotoxicity  and  for  the  mechanism  of 
detoxification  of  chemical  agents,  since  recently  ve  have  shown  that 
stereoeleotronic  effects  can  potentially  greatly  alter  the  reactivity  of  phosphate 
esters.  This  stereoeleotronic  effect  involves  activation  of  a  P-0  ester  bond  by 
antiperiplanar  interactions  with  oxygen  or  nitrogen  lone  pairs.  Ve  studied  the 
kinetics  and  mechanism  of  nonenzymatie  and  enzymatic  reaction  of  a  number  of 
conformational ly  restricted  phosphate  triesters  and  related  compounds.  These 
studies  help  demonstrate  the  importance  of  stereoeleotronic  control  in  the 
enzymatic  reactiona  of  cyclic  and  acyclio  phosphorus  compounds. 

Stereochemical  studies  have  traditionally  been  one  of  the  most  important 
mechanistic  probes  available  to  the  physical  organic  chemistry.  Only  recently  have 
chiral  phosphate  esters  (using  oxygen  isotopes)  become  available  and  with  a  new 
1(0-(1P  shift  probe  of  configuration  that  we  helped  pioneer,  rapid  progress  in 
describing  the  stereochemistry  of  enzymatic  reactions  of  phosphate  esters  was  now 
feasible.  Understanding  the  stereochemistry  of  the  covalent  phosphorylation  of 
serine  esterases  such  as  a-chymotrypsin  allowed  us  to  better  map  the  active  site 
geometry  of  these  enzymes.  Ve  are  now  also  in  a  position  to  determine  the 
stereochemistry  of  the  reactivation  end  aging  reactions  of  these  organophosphate 
inhibited  enzymes.  All  of  these  stereochemical  enzymatic  results  will  provide  an 
iaqiortant  basis  for  understanding  the  varied  neurotoxicity  of  organophosphate 
esters. 


b.c.  Summary  of  Results  and  Publications 


REPORT 


(*  -  References  specifically  acknowledging  DOD  support) 

!•*  V.  Taira,  T.  Fanni ,  sad  D.  G.  Gorenstein,  ’  ’Stereoelec tronic  Effects  in  the 
Hydrolysis  of  Methyl  Ethylene  Phosphate,"  J.  Am.  Cham.  Roe.  10*.  1521-1523 
(19*4) . 

2.»  K.  Taira.  T.  Fanni.  and  D.  G.  Gorenstein,  "Stereoelectronic  Effects  in  the 
Hydrolysis  of  Ethyl  sad  Methyl  Ethylene  Phosphates,"  J.  Org.  Chem.  49,  4531- 
453*  ( 1984) . 

We  have  obtained  evidence  against  the  involvement  of  a  bexacoordinete 
phosphorus  intermediate  is  the  alkaline  hydrolysis  of  methyl  and  ethyl  ethylene 
phosphate.  An  *»0  isotope  effect  on  the  **P  chemical  shift  of  the  products  of 
hydrolysis  of  the  f ive-membered  cyclic  phosphate  has  been  used  to  show  that  it 


hydrolyse*  with  100%  P-0  cleavage  to  give  only  the  endocyclic  product,  alky  1-2- 
hydroxyethyl  phoephmte  with  only  one  t(0  atom  incorporated  fro*  eater.  (Hence 
disproving  the  involvement  of  a  hexacovalent  intermediate) .  A  much  slower  reaction 
involving  recycl isation  of  the  aiethyl  hydroxyethyl  phosphate  to  form  ethylene 
phosphate  has  been  monitored  by  **P  NMR.  This  slower  reaction  demonstrates  that 
the  endocyclic  cleavage  is  favored  by  a  significant  factor  over  exocyclic  cleavage. 
These  results  have  given  strong  support  to  our  hypothesis  of  atereoelectronic 
control  in  this  reaction. 

3. *  J.  C.  Tang,  A.  Chang,  and  D.  G.  Gorenstein,  "A  Reaffirmation  of  the 

Stereoelcctronic  Effect  in  the  Hydrolysis  of  Ethyl  and  Methyl  Ethylene 

Phosphates.'*  to  be  submitted. 

As  described  in  Progress  Report  #1  and  2.  we  fonnd  that  ethyl  and  methyl 
ethylene  phosphates  hydrolyze  with  complete  endocyolic  cleavage  between  pH  8  and  13 
to  yield  ethyl  and  methyl  2-hydroxyethyl  phosphates  3.  respectively.  Ringer  and 
Thatcher  (1983)  have  recently  repeated  these  experiments  and  have  suggested  that 
Me  OH  is  released  and  thus  that  cyclic  cleavage  does  indeed  occnr  in  concentrated 
alkali.  However,  we  have  now  established  that  most  if  not  all  of  the  MeOH  released 
in  their  study  is  dne  to  a  dimerization  reaction  that  occurs  under  their 
experimental  conditions  (methyl  ethylene  phosphate  concentrations  of  .3  -  .66  N) . 

At  our  original  and  lower  concentration  (.  .02  M) ,  this  dimerization  reaction  is 
largely  eliminated.  The  atereoelectronic  effect  is  estimated  to  be  at  least  3 
keal/mol,  in  support  of  onr  earlier  work. 

4. *  I.  Taira  and  D.  G.  Gorenstein.  ' 'Stereoelectronic  Effects  on  the  Basicity  and 

Nucleophilic! ty  of  Phosphites  and  Phosphates.  Ab  Initio  Molecular  Orbital 

Calculations  and  the  n-Effect."  J.  la.  Ghaa.  lee.  lOf,  7823-7831  (1984). 

Ab  Initio  molecular  orbital  calculations  have  provided  support  for  s 
stereoelectronic  effect  on  the  basicity  and  nneleophilicity  of  phosphites.  In  the 
phosphites,  an  antiperiplanar  lone  pair  on  oxygen  to  the  phosphite  lone  pair  raises 
the  energy  of  the  molecule  by  3.3  keal/mol  relative  to  phosphite  conformations  with 
no  spp  lone  pairs  to  the  phosphite  lone  pair.  Upon  phosphorus  protonation  of  the 
phosphite  the  relative  energy  difference  between  the  conformations  reverses.  The 
conformation  with  antiperiplanar  lone  pairs  on  oxygen  to  the  HI  bond  is  now  more 
stable  than  the  conformation  without  this  antiperiplanar  lone  pair  interaction. 
Finally,  the  origin  of  the  o  effect,  the  enhanced  nneleophilicity  of  a  bsse 
possessing  a  beteroatom  with  an  adjacent  unshared  electron  pair  is  suggested  to 
arise  from  a  transtion  state  stereoelectronic  effect.  Whereas  spp  oxygen  lone 
pairs  to  the  P-H*  in  the  ground  protonated  phosphite  stabilized  the  structure  by 
only  1  keal/mol  at  a  P-H  distance  of  1.4  X  this  stereoelectronic  stabilization 
rises  to  >  12  keal/mol,  falls  off  again  at  even  longer  P-H  bond  distances,  and 
finally  reverses  energies  for  the  two  conformations  of  the  neutral  phosphites. 

3.*  (.  Taira,  W.  L.  Mock,  and  D.  G.  Gorenstein,  ''Experimental  Tests  of  the 

Stereoelectronic  Effect  at  Phosphorus:  Nncleophilic  Reactivity  of  Phosphite 

Esters."  J.  Am.  Cham.  Soe.  10*,  7831-7833  (1984). 

Triethyl  phosphite  rapidly  reacts  with  ethyl  benzenesnl fenate  or  diethyl 
peroxide  to  yield  pentaethoxyphosphorane,  (A).  In  contrast,  l-methyl-4-phosphs- 
3 .5 ,8-triozabicyclo(2.2 ,2]oetane  [HI,  fails  to  react  with  either  electrophile  to 
yield  the  expected  bicyclic  phosphorane  [Cl. 
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The  poor  reactivity  of  the  bicyclic  phosphite  [B]  is  due  to  s  kinetic  rather 
than  a  theraodynanic  barrier,  becanae  [C]  is  forsied  smoothly  from  an  equimolar 
aistnre  of  P(OEt)|  and  the  triol,  1 , 1 , 1 -tr is (bydrozyae thy  1 ) ethane .  This  result  is 
interpreted  in  teras  of  the  stereoelectronic  effect. 
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I.  Taira  and  D.  G.  Gorenstein,  * 'Experimental  Tests  of  the  Stereoelectronic 
Effect  at  Phosphorus,*'  Tetrahedron  40.  3215  (1984). 


The  order  of  nucleophilic  reactivity  of  trialkyl  phosphites  with  benzoyl 
chloride  and  3-benxyliden*  2 ,4-pentanedione  is  shown  to  be  consistent  with  the 
stereoelectronic  effect.  Whereas  triethyl  phosphite  readily  reacts  to  yield  the 
Miehaelia-~Arbuaov  product,  diethyl  benzoyl  phosphonate,  l-aethyl-4-phospha-3,4,8- 
trioxabicyclo[2.2.2]octane,  IB] .  is  essentially  unrsactivs,  even  at  a  higher 
teaperature.  The  bicyclio  phosphite,  [B] ,  also  reacted  750  tines  slower  than  the 
equatorial  2-nethoxy  ester  of  a  1 ,3 ,2-dloxaphosphor inane ,  in  a  Michael  addition 
reaction  with  3-benzyl idene-2 ,4-pentanedione .  (Triethyl  phosphite  reacts  with 
intermediate  reactivity). 
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This  it  alto  a  kinetic  efiect  since  the  bicyclic  phosphite  ketone  addnct  it 
tberaodynaaical ly  aore  stable: 


At  expected  froa  the  stereoelectronic  effect,  the  nucleophile  with  the  largest 
nuaber  of  app  lone  pairs  on  oxygen  to  the  incipient  P-C  bond  has  the  highest 
reactivity,  and  the  bicvclic  phosphite  vithont  any  app  lone  pairs  reacts  s 1 owe » t . 
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7.  J.  C.  Yang  and  D.  G.  Gorenstein,  '’Stereoelectronic  Control  in  the  Base 
Catalyzed  Hydrolysis  of  Five-Meabered  Ring  Cyclic  Phospboraaidates , ' ' 
Tetrahedroa  Lett.  25.  4627-4630  (1984). 

Stereoelectronic  effects  were  shown  to  strongly  a  feet  the  P-0  vs  P-N  cleavage 
pathway  of  f ive-aeabered  ring  phosphoraaidates .  As  shown  in  Scheae  I,  cyclic 
phospboraaidates  [D](R-Ke)  and  {DHR^iPr) ,  hydrolyse  in  base  to  give  95%  and  100% 
P-0  cleavage  prodnets,  respectively: 

Scheme  I 


F 


Alkyl  substitution  draaatically  reverses  the  100%  P-N  cleavage  observed  for 
the  unsabstitnted  phosphoraaidste  [DJ  (R-H) .  When  the  2,6-positions  of  the 
aroaatic  ring  are  snbstitnted  by  alkyl  gronps  (fD)  R-Me  and  i-Pr) ,  the 


hybridization  of  the  nitrogen  can  no  longer  be  sp*  since  the  conjugation  with  the 
aroaatic  ring  will  be  destroyed  by  severe  steric  interactions  between  the  alkyl 
subatitnents  on  the  aroaatic  ring  and  the  cyclic  f ive-aeabered  ring.  Phosphoranes 
f R]  <R-Me,  iPr)  foraed  by  hydroxide  attack  opposite  the  ring  oxygen  will  now  have 
two  lone  pairs  app  to  the  scissile  apical  oxygen  bond,  one  froa  oxygen  and  the 
other  at  least  partially  froa  the  *p*-hybr idized  nitrogen.  P-0  bond  cleavage  will 
thns  be  atereoelectronically  feasible  in  [D]  (R»Me,  iPr).  In  the 

nnsnbstitnted  [D]  (R=H) ,  the  nitrogen  lone  will  not  be  app  to  the  scissile  P-0  bond 
in  [E]  since  it  will  be  in  the  basal  plane  of  the  trigonal  bipyraaid  phosphorane 
( sp*-hybr idized  N  atoa) . 

8. *  D.  G.  Gorenstein  and  C.  Taira,  ' ' Stereoelectronic  Control  in  Peptide  Bond 

Formation.  Ab  Initio  Calculations  and  Specnlations  on  the  Nechanisa  of  Action 
of  Serine  Proteases.'*  Biophys.  J.  48,  749-762  (1984). 

We  have  coapleted  an  ab  initio  aolecnlar  orbital  calculation  on  the 
atereoelectronically  controlled  reaction  surface  for  the  hydrolysis  of  foraamide. 
Calculated  transition  state  energies  for  the  first  addition  step  of  the  reaction 
reveals  that  a  lone  pair  on  the  oxygen  of  the  OH  group  which  is  ant i pe r i pi anar  to 
the  attacking  nitrogen  stabilizes  the  transition  state  by  3.9  kcal/mol,  thus 
supporting  the  hypothesis  of  stereoelectronic  control  for  this  reaction. 

9.  R.  0.  Day,  D.  G.  Gorenstein,  and  R.  R.  Holmes,  ’'Crystal  Structure  of  an 
Axially  and  Equatorially  Oriented  2-ary loxy-2-oxy-l .3 ,2-dioxaphosphorinane , ' ' 
Inorg.  Cham.  22,  2192  (1983). 

X-ray  studies  (in  collaboration  with  R.  Holmes,  0.  Mast.)  on  our  epimeric  tix- 
membered  ring  phosphate  triesters  1  have  confirmed  the  proposed  structures  and  some 
of  onr  predictions  of  bond  angle  and  torsional  angle  effects  on  (1P  chemical 
shif ta. 

10.  D.  Shah,  D.  Kallick,  R.  Rowell,  R.  Chen,  and  D.  G.  Gorenstein, 
''Stereochemistry  of  the  Phosphorylation  Reaction  of  a-Chymotrypsin  by  a 
Cyclic  Phosphate  Triester,"  J.  Am.  Cham.  Soe .  105,  6942  (1983). 

11.  D.  Kallick,  D.  O.  Shah,  and  D.  G.  Gorenstein,  "  * *P  NMR  of  Covalent 
Phoaphory lated  Derivatives  of  a-Chymotrypsin,"  Ball.  Magn.  Resoa.  5.  2S1 
(1983)  . 

12.  D.  G.  Gorenstein,  "Non-Biological  Aspects  of  P-31  NMR  Spectroscopy," 

Progress  in  NMR  Spectroscopy  161,  1-98  (1983). 

13.  D.  G.  Gorenstein  (editor),  P-31  MM:  Principles  and  Applications,  Academic 
Press,  1984). 

14.  D.  G.  Gorenstein  and  D.  Shah,  "Selective  Compilation  of  P-31  NMR  Data,"  In 
P-31  MR:  Priaeiplas  and  Applications,  Chapter  19,  Academic  Press,  1984). 

15.  D.  G.  Gorenstein,  "P-31  Chemical  Shifts,"  In  P-31  NMt:  Principles  and 
Applications.  Chapter  2,  Academic  Press,  1984. 

16.  D.  G.  Gorenstein,  "P-31  Coupling  Constants,"  In  P-31  MM:  Principles  and 
Appliaations.  Chapter  3,  Academic  Press,  1984. 


17.  0.  G.  Gorenstein,  ''Introduction  to  * *P  NMR  in  Solution:  Theory  and 
Experiment,'’  introductory  chapter  In  Topics  is  Phosphors*  Chemistry  (M. 
Grayson,  Ed.)  in  press.  1986. 

Our  »*P  NMR  studies  on  organophosphorus  compounds  and  enzyme  complexes 
supported  by  DOD  have  allowed  us  to  develop  a  stereoel ectronic  effect  on  ’ lP 
chemical  shifts  and  1Jpy  coupling  constants.  This  work  was  also  partially 
supported  by  NIB  (GM- 17375). 

18. *  (.  Tsira,  I.  Lai.  and  D.  G.  Gorenstein,  ' 'Stereoelectronic  Effects  in  the 

Conformation  and  Hydrolysis  of  Epimeric  (4aa,  8ap-Hexahydrobenzo-2- (p- 
Nitrophenoxy )-2-Oxo-l ,3 ,2X*-Dioxaphosphor inanes  and  4aa-methyl-8ap- 
Pentahydrobenxo-2-(p-Nitrophenoxy)-2-Oxo-l ,3 ,2X*-Dioxaphospborinanes  .  ’  1 

Tetrahedron,  in  press. 

The  hydrolysis  of  (4aa,  8a0)-hexahydrobenzo-2-(j>-nitrophenoxy)-2-oxo-l ,3 ,2X*- 
dioxaphosphor inanes  (axial  and  pseudo-equatorial  p-nitrophenoxy  group)  and  4aa- 
methy l-8aa-pentahydrobenxo-2- (j>-ni trophenoxy ) -2-oxo-l ,3  ,2X.'-dioxaphotphor inanes 


OAf  c 


*  1_  (*.  -  CH3)  b 


(axial  and  equatorial  p-ni torphenozy  group)  1  were  shown  to  be  consistent  with  the 
idea  that  the  axial  isomers  reset  via  a  chair  conformation  and  the  equatorial 
isomer  1£  reacts  via  a  twist-boat  conformation  with  the  leaving  group  in  a  pseudo- 
axial  position.  This  supports  earlier  stereoeleotronic  effects  observed  in  this 
ring  system. 

19.*  T.  Panni,  I.  Taira,  D.  G.  Gorenstein,  R.  Vaidyanathaswamy ,  and  J.  G.  Verkade, 
''Stereoelectronic  Effects  in  the  Hydrolysis  of  Blcyelic  and  Acyclic 
Phoaphates  and  Phosphorothionates , ’ '  submitted. 

The  bicyclic  phosphate  l-methyl-4-phospha-3 ,5 ,8-trioxabicyclo[2 .2 . 2]octane-4- 
oxide,  [I],  hydrolyses  at  pH  ■  14,  3.2  x  10*  times  faster  than  the  acyclic  compound 
triethyl  phosphate.  Similarly  the  blcyolic  phosphorothlonste  l-netl*l-4-pho*pha- 
3 , 3 ,8-trioxabicyclo[2 . 2 . 2) octane-4-sul f ide ,  [J]  ,  hydrolyzes  8.1  x  10*  times  faster 


than  the  acyclic  compound  triethyl  phosphorothionate .  Part  of  this  rate 
enhancement  is  attributed  to  a  stereoelectronic  factor  since  compounds  [I]  and  [J] 
have  two  antiperiplanar  (app)  lone  pairs  to  the  breaking  P-0  bond,  while  in  order 
to  pot  two  app  lone  pairs  to  the  breaking  P-0  bond  in  the  acyclic  compounds,  the 
molecule  has  to  be  constrained  to  a  proper  conformation  which  is  disfavored 
entropically. 


20.*  X.  Taira.  T.  Fanni,  and  D.  G.  Gorenstein,  ' ’ Stereoel ectronic  Effects  in  the 
Formation  and  Hydrolysis  of  Phosphonium  Iona  from  Acyclic  and  Bicyclic 
Phoapborothionatea , ' '  to  be  anbmitted. 

The  alkaline  bydrolyaia  of  the  bicyclic  phoaphoniom  ion  1-methy 1-3 , 5 . 8- 
trioxabicyclo-12.2 .2]ootane-4-methyl thiophosphonium  triflate  [K 1  proceeds  mainly 
with  P-0  bond  cleavage  aa  shown  by  hydrolysis  in  1*0  labeled  water  to  form  the 
cyclic  apimera  [L]  and  [M]  in  addition  to  the  bicyclic  phoapbate  [I].  Epiner  [L] 
is  formed  after  psendorotation  of  the  trigonal  bipyramid  (tbp)  intermediate  [N]  and 
is  the  predominant  product.  This  conld  be  explained  by  fast  psendorotation  to  give 
the  more  atable  tbp  in  which  the  negatively  charged  oxygen  it  placed  in  a  basal 
position.  In  contrast  the  acyclic  analog  triethoxy  methyl  thiophosphonium  ion 
undergoes  alkaline  hydrolysis  with  100%  P-S  bond  cleavage.  These  results  are  in 
accord  with  the  stereoelectronic  effect. 
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21.*  A.  Chang,  0.  Shiga,  I,  Taira,  and  D.  G.  Gorenstein,  1 ' St er eoe 1 ec t roni c  Effects 
on  the  Addition  of  Phosphites  to  the  Carbonyl  Double  Bond.  Ab  Initio 
Molecular  Orbital  Calculations  and  the  a-Effect,'*  submitted. 


A  theoretical  analysis  of  the  carbonyl  addition  reaction  of  acyclic  and 
bicyclic  phosphites  has  been  carried  out.  Formaldehyde  was  chosen  as  the 
electrophile  and  trihydroxy  phosphine  (:P(OH),)  as  the  nucleophile.  Reaction 
surfaces  were  then  calculated  for  different  orientations  about  the  P-OH  bond  in 
trihydroxy  phosphine  representing  the  geometries  of  bicyclic  (I)  and  acyclic 
phosphites.  Most  importantly,  during  the  cleavage  of  the  P-C  bond  in  tbe  stable 
peniacovalent  phosphorane  adduct  (HO) jP’HjC’O,  transition  states  leading  to  1,3- 
dipolar  intermediates  are  clearly  established  for  both  geometries.  These  results 
support  our  emphasis  that  the  kinetic  stereoelectronic  effect  and  tbe  o-effect  are 
related  and  largely  transition  state  phenomena. 
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Reaction  Coordinate 


22.  D.  G.  Gorenstein.  “P-31  NKR  of  tRNA’ '  In  P-31  NIB:  Principles  end 
Applications,  Chapter  10.  Academic  Press,  1984. 

23.  0.  G.  Gorenstein,  “P-31  NKR  of  Drng-Nncleic  Acid  Complexes,''  In  P-31  NMK: 
Principles  and  Applications,  Chapter  11,  Academic  Press,  1984. 

24.  D.  G.  Gorenstein  and  B.  Goldfield.  “P-31  NMB  of  Nucleic  Acids.  “  Bnll.  Mage. 
Besom.  3,  161  (1983). 

Peripherally  related  to  onr  DOD  ,lP  NKR  stndies  (largely  funded  by  NIR)  bnt 
developed  through  our  DOD  calculations  and  * *P  work,  we  have  applied  our  proposed 
stereoelectronic  theory  of  ,lP  chemical  shifts  to  biological  systems. 

Thus  additional  support  for  the  stereoelectronic  **P  shift  hypothesis  was 
provided  by  * *P  NKR  studies  on  nucleic  acids  and  discussed  in  several  of  the  above 
review  articles  I  wrote  on  the  strnctnral  basis  of  **P  chemical  shifts. 

During  this  period  14  other  articles  (see  C.V.  at  end)  were  also  published  on 
these  biological  aspects  of  *»P  NNR.  (supported  entirely  by  NIB). 

23.*  I.  Taira,  A.  Chang,  J.  C.  Tang,  and  D.  G.  Gorenstein,  “Stereoelectronic 
Effects  in  Organophosphorns  Chemistry,''  Tetrahedron,  to  be  submitted. 

We  have  been  invited  to  write  a  review  article  covering  the  entire  field  of 
stereoelectronic  effects  in  organophosphorns  chemistry. 

26.*  D.  G.  Gorenstein,  I,  Tsirs,  B.  A.  Luxon,  J.  B.  Findlay,  D.  Kallick,  and  D. 

Shah.  “Stereoelectronic  Control  in  the  Enzymatic  and  Non-Enzymat ic  Reactions 
of  Organophosphorns  Compounds,*'  CRDC  Scientific  Conference  on  Chemical 
Defense  Research,  1983. 

Both  theory  and  experiment  provide  support  for  the  stereoel ectrom t  effect  in 
the  organic  and  enzymatic  reactions  of  organophosphorns  compounds.  Ab  initio 
molecular  orbital  calculations  on  the  reaction  of  dimethyl  phosphate  with  hydroxide 
i <>  yield  monomethyl  phosphate  and  methoxide  show  than  an  antiperiplanst  lone  pair 
to  the  sciasile  bond  lowers  the  transition  state  energy  by  7-11  kcal/mol.  These 
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theoretical  predictions  are  confined  in  the  reactions  of  conformational  1y 
restricted  phosphorus  compounds.  Stereoel ectronic  effects  appear  to  play  a  role  in 
the  phosphorylation  of  the  serine  esterase,  a-chymotrypsin. 

27. *  D.  G.  Gorenstein,  l.  Taira,  A.  Chan(,  end  J.-C.  Taug,  ' 'Stereoel ectronic 

Control  in  Enzymatic  and  Non-Enzymatic  Acyl  and  Phosphoryl  Transfer 

Reactions,*'  CROC  Scientific  Conference  on  Chemical  Defense  Research,  19SS. 

Ab  initio  molecular  orbital  calculations  have  been  performed  on  the  reaction 
profile  for  the  addition/elimination  reaction  between  ammonia  and  formic  acid, 
proceeding  via  a  tetrahedral  intermediate:  NH,  +  HCO*H  ->  H»NCH(OH),  ->  NH,CBO  + 
HjO.  Calculated  transition  state  energies  for  the  first  addition  step  of  the 
reaction  revealed  that  a  lone  pair  on  the  oxygen  on  the  OH  gronp,  which  it 
antiperiplanar  to  the  attaching  nitrogen,  stabilized  the  transition  state  by  3.9 
keal/mol,  thus  supporting  the  hypothesis  of  stereoelectronic  control  for  this 
reaction  and  suggesting  the  importance  of  stereoelectronic  effects  for  the 
mechanism  of  action  of  serine  proteinases. 

Ab  initio  molecular  orbital  calculations  as  well  as  experiment  on  various 
model  systems  have  also  been  carried  ont  on  cyclic  phosphite  and  phosphate  esters. 
Again  significant  stereoelectronic  effects  have  been  revealed.  New  data  on  the 
alkaline  hydrolysis  of  methyl  ethylene  phosphate  confirm  our  original  prediction  of 
important  stereoelectronic  effects. 

28. *  C.  J.  Tang  and  0.  G.  Gorenstein,  ''Experimental  Separation  of  Ring  Strain  and 

Stereoelectronic  Effects  on  Cyclic  Five-Membered  Ring  Phosphorus  Esters,'*  in 

preparation. 

2-Pheuyl-2-oxo-aza  and  dioxaphosphol anes  [0]  and  [P]  and  their  acyclic  analogs 
have  been  prepared  and  the  rates  and  activation  parameters  of  their  alkaline 


H 
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hydrolysis  measured. 

29.*  A.  Chang  and  D.  G.  Gorenstein,  ’’Stereoelectronic  Effects  in  the  Hydrolysis  of 
Phosphonate  Esters,* *  in  preparation. 

An  attempt  to  restrict  the  chair  to  twist-boat  phosphor inane  ring  flipping  was 
made  by  replacing  one  of  the  ring  oxygen  atoms  in  ( 1 ]  by  a  methylene  group  [Q] . 


This  replacement  cauaea  1,3-ateric  and  eclipsing  interaction*  from  the  two  hydrogen 
atom*  of  the  methylene  group  In  the  equatorial  isomer.  These  Interactions  disfavor 
the  twist-boat  conformation  and  hence  prevent  the  chair  conformation  from  flipping 
in  the  ground  state. 

Nethanolysla  of  the  epimeric  phosphonate  diesters  in  dimethyl  formamide  shoved 
exclusively  inversion  products  for  both  axial  and  equatorial  isomers.  In  contrast 
to  the  phosphate  triesters.  1  (R**H,  CH,)the  absence  of  any  retention  products  is 
attributed  to  the  high  barrier  for  pseudorotation  of  phosphonate  [Q}  in  the 
trigonal  bipyramid  intermediates. 
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Alkaline  hydrolysis  of  the  epimeric  phosphonate  diesters  established  that  once 
again  th*  rate  difference  for  hydrolysis  of  the  two  epimers  is  attributed  to  ground 
state  energy  differences  and  that  hydrolysis  proceeds  via  similar  transition  state* 
for  both  equatorial  and  axial  isomers.  The  transition  states  for  both  isomers  are 
suggested  to  have  the  six  membered  ring  in  a  half-chair  di-equstorial  conformation. 
The  basal  ring  oxygen  lone  pair  in  the  transition  state  can  overlap  with  the 
entering  and  leaving  groups,  sgain  maximixing  the  stereoelectronic  effect. 

30.*  D.  Kellick.  I.  Taira,  M.  Miyaxaki,  and  D.  Gorenstein,  * 'Organophospha te 
Inhibition  of  a-Chymotrypsin, *  *  in  preparation. 

The  relative  rates  of  enxymatic  and  non-enxymatic  reaction  of  some  bicyclic 
dioxaphosphorinsnes  have  also  been  determined.  Preliminary  results  sre  shown  in 
Table  I.  Clearly  a-chymotrypsin  has  s  stereochemical  preference  for  certain 
stereoisomers.  Kate  constants  for  irreversible  inhibition  of  the  a-chymotrypsin 
and  enayme  catalysed  hydrolysis  of  these  esters  are  now  being  completed  (D. 

Kallick,  Progress  Report  33). 
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Tab la  I.  Kelatire  rata*  of  a-ehymotrypain  irrereraible  inhibition  to  non-enrynatic 
hydrolyaia  of  phoaphorinane  triaatara. 


•Initial  enzymatic  rataa  (k»)  and  non-enzymatic  hydrolyaia  in  12%  Me OH.  30°C,  pH 
7.86,  tria  buffer.  [El0  *  3.91  ®H,  [S]0  -  3.91  all. 

PNP  -  p-nitrophanyl;  Ar  -  2,4-dinitrophenyl. 

31. *  K.  Taira,  ' 'Theoretical  and  Experimental  Evidence  for  the  Steraoalectronie 

Effect,"  Pb.D.  Thaaia,  Dnir.  of  Illinoia  at  Chicago,  1984. 

32. *  T.  Faaai,  "Stereoeleotronie  Effeeta  in  Organophoaphoma  Chemiatry,"  Pb.D. 

Thaaia.  Dnir.  of  Illinoia  at  Chicago,  1989. 

33. *  C.  J.  Chang,  "Staraoalactronic  Effeeta  in  Fire-Menbered  Xing  Organopboapboroa 

CoBponnda,"  Pb.D.  Tbaaia,  On It.  of  Illinoia  at  Chicago,  1986. 

34. *  A.  Chang,  "Theoretical  and  Experimental  Stodiea  on  the  Stereoeleotronie 

Effect,"  Pb.D.  Tbeaia,  Dnir.  of  Illinoia  at  Chicago,  1986. 

33.*  D.  Kalliek.  **P  and  Hnltinnclear  NMR  Stndies  of  Tranaition-State  Analog 
Conplezea  of  Serine  Proteinaaea  and  Eateraaea,"  Pb.D.  Tbeaia,  Dnir.  of 
Illinoia  at  Chicago,  1986. 


4 


§ 

$ 

Ae 


Technical  Reports 

Progress  Report  #1  8/1/83-12/31/83 
Progress  Report  #2  1/1/84-6/30/84 
Progress  Report  #3  7/1/84-12/31/84 
Progress  Report  #4  1/1/85-6/30/83 
Progress  Report  #5  7/1/85-12/31/85 

Final  Report  (for  K0098)  2/6/86 

List  of  Participating  Scientific  Personnel 

Jabber  Muster 
Dr.  Josepha  Fn 
Dr.  Dinesh  Shah 
Deborah  Kallick*,  Ph.D.  6/86 
Andrew  Chang*,  Ph.D.  6/86 
J.  C.  Tang*,  Ph.D.  6/86 
Kasnnari  Taira*.  Ph.D.  1984 
Kofen  Lai*.  Ph.D.  1984 
Tahsin  Fanni*.  Ph.D.  1985 

•No  ARO  direct  support  of  salary 


Progress  Report  it  6  1/1/86  —  6/  3 


